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Plant parasitic nematodes, though microscopic, are I 

j I 

responsible for causing considerable economic losses. It has 
now been firmly established that plant parasitic nematodes I 

are ham in crop production. In t recent report Feldmesser 1 

®t al . (1971) estimated annual losses due to nematodes to the 
tun® of $ 1,038,374,300 for field crops; % 225,145,900 for I 

J 1 

fruits and nuts crops; $ 266,989,100 for vegetable crops and 
$ 59,817,634 for ornamental crops. In India, Van Berkura and 
Seshadrl (1970) reported annual losses due to "Ear-cockle* 
disease caused by Anguine tritlct (Steinbuch, 1799) Chitwood, 

1935 on wheat amounting to 10 million dollars; due to "Molya" | 
disease caused by Heterodera avenae Vtollenweber, 1924 on 1 

barley to 8 million dollars and due to Pratylenchus coffeae ! 

(Zimmermann, 1898) Goodey, 1951 on coffeae to 3 million dollar:,, j 


In nature root of plants are exposed to a variety 
of microorganisms *Mch form the common components of soil 
biosphere forming a variety of relationship including syner- 
gistic, In such mu ltlpa thogenlc conditions the losses to 
plants are such more than in monopathogenic conditions. The 
various aspects of -multi pathogenic effects on plants have 
been reviewed by Pitcher (1963, 65); Powell (1963, 1971a & b, 
1979) ; Miller (1965); Bergeson (1972) and Khan (1981). It has 
hmn observed that presence of more than one kind of micro- 
organisms modifies disease expression, and at times breaks 
even the resistance of plants (Holdman and Graham, 1954; 



Sasser e& aju 1955 j Jenkins and Courses, 1957 i Thomason at al. 

1959 and Bevis and Jan kins, 1963). 

Plant parasitic nematodes are often involved in 
disease complexes with fungi responsible for wilts, root-rots 
and various seedling diseases. 

X. NEMATODE - FUNGUS WILT DISEASE COMPLEXES 

In most of the nematode-wilt causing fungi 1 disease 
interactions, Fusarium or Verticillium are involved. In 1392 
Atkinson for the first time reported that root-knot and 
Pusarium caused distinct diseases of cotton, however, far 
more damage was caused when both were present in the soil. 
Further, cultivar resistant to Fusarium became susceptible 
if root-knot was present in the field. Since then many 
reports have been published involving Fusarium or Verticillium 
and root- knot nematode on a variety of crops . 

A synergistic interaction between F. oxvsporum (VJoll.) 
Snyder & Hansen and M. incognita on cotton, has also been 
reported by Perry (1961, 1963) . Minton and Minton ( 1963) 
working with root-knot and Fusarium complex on cotton 
reported that the fungus coloni ltd the tissues damaged by 
root- knot, M. incognita acrlta ■ Holdman and Graham (1934) 
found that the presence of even sting nematode, Belong lalmus 
gracilis Steiner, 1949 resulted in breaking the resistance of 
cotton cultivar resistant to Fusarium wilt. According to 
Michel 1 and Powell (1972) simultaneous inoculation with 
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Pratvlenchu* bn.fih«igui. (Godfrey, 1929) Filipjev & stefchoven, 
1941 end F, oxysoonm f . vasinfectum (Atk.) Snyder 8. Hansen 
caused higher percentage of wilting in Fysarium susceptible 
cotton plants as compared to those in which nesatod® preceded 
the fungus by two week or when the fungus alone was used. 
Schanraugam e£ al. (1977) observed that in cotton plants 
wilting was more severe and disease symptom developed earlier 
when both Hoplolaimus selnhorsti and F. oxvsporum f . vasinfecti 
were present than either of the two organisms alone. 


Melendez and Powell (1965, 1967) pointed out that 
galled tissues of both resistant and susceptible varieties of 
flue-cured tobacco were more favourable sites for colonization 
of £• oxvsoorum f . nicotians® Johnson. Porter and Powell 
(1967) found that simultaneous inoculation of plants with 

£. SMMJmm * * oXsa&mm. and M. Incsan&tj, or M. ssamsXS. 
(Neel, 1889) Chitwood, 1949 or M. lavanica (Treub, 1885) 
Chitwood, 1949, caused less damage t© tobacco seedlings as 
compared t© those in vtfiich nematode inoculation preceded the 
fungal inoculation by 2-4 week. Powell and Batten (1969) 
reported that association of M. %qssMM. and fagaria® on 
tobacco allowed Altemarla tjoaU N»t't to develop on diseased 
plants . Noguera (1977) reported that M, incognita., predisposed 
tobacco plants to the attack of F. oxysporum f . sp. batatus . 


Young (19395 1 Harrison and Young (1941) reported that 
root-toot nematode greatly decreased the resistance of many 


.7 — | 51 m ^ 
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tomato varieties to Fusarium wilt. Jenkins and Courser* 

( 1957 ) could indue® 100% wilting in Fusarium wilt resistant 
tomato variety ’Chesapeake* in th® presence of M» incognita 
c tritai , while only 60% in th® presence of M. hapia Chitwood, 
1949 . Binder and Hutchinson (1959) , on the otherhand, were 
not able to get positive results. Bowman and Bloom (1966) 
demonstrated indirect relationship of M. incognita to the 
breaking of resistance to Fusarium wilt in tomato and they 
were of the opinion that M. incognita appeared to change the 
physiology of the entire plant and thereby making it more 
susceptible to Fusarium wilt. Kawamura and Hirano (1967, 

1968) reported that simultaneous inoculation with M. incognita 
and F. oxvsnorum f . Ivcooersici caused sore severe damage to 
the tomato seedlings. Webster (1975) also reported that 
Fusarium wilt of tomato was more severe in the presence of 
M. incognita Pereas Llburd and Mai (1976) observed that 
Fusarium wilt in tomato was not only severe in presence of 
root-knot nematode but also developed much earlier. Miller 
(1975), on the other hand, observed that severity of wilt in 
tomato was reduced in the presence of Heterodora tahsenn 
Lownsbery and Lownsbery, 1954. A synergistic interaction 

between M. M£23HiM and F. gxjMJmm * • *P* lX£2 EMBlSl on 
tomato was also reported by Carter et al. (1977). 

Thomason (1958) reported that wilt caused by 


£• ox ys no rum f. (E.F.S®.) Snyder & Hansen 

increased both in susceptible variety ‘Chino 3 s and in 



resistant variety ‘Grant* in the presence of M. levanica 
Thomason et §1.. {1959} observed that the presence of 
lavanica was not only able to break the resistance of 
1 Grant* variety but increased the edit to such m extent 
that wilt was more than on Fusariiin susceptible variety 
’Chino 3*. 



Boss (1965) observed that rosarium oxysooruia caused 
more damage to soybean in the presence of Heterodera a 1 veins 
Ichinohe , 1952 as compared to M. incognita » Goswaaii and 
Agarwal {1978), while studying the interaction of four sped 
of Fuaarium with M. incognita on ■ soybean observed an antago- 
nistic interaction with F. ox.yspo.rua and F. solaM. and a 
synergistic interaction with F. gyaainearua and F. equsltl . 


McGuire §£ {1958} observed that in alfalfa 

wilting percentage caused by F. pxvsporua f. v_gslnf.tct.uBi 
increased when inoculated with either of the four species of 

root-knot namely M. UMSiAt 1* jflmttoJb I- £a£ga3H& ° r 

aranaria . Griffin and Thyr (1978) observed that F. oxvsporui 
caused marked reduction in growth in lucerne variety susce- 
ptible to wh haola and not in resistant variety on Inoculation 
30 days after nematode inoculation. 


Davis and Jenkins (1963) observed that the presence 
Of I* ag&y/M. fragl& broke the resistance of pea 

variety ’Alaska * to F. mX&SS&m f * rac ® A « Increase in 

wilting caused by F. oxvsporum f . nisi race 2 in the presence 



of Fratvlenchu* penetrans (Cobb, 1917) Chitwood and Oteif 


The presence of Radopholus slmilM. (Cobb, 1S93) 
Thorn®, 1949 in the soil doubled the wilt percent in banana 
caused by F, oxvsporum f . cubens (E.F.S.) Snyder 8. Hansen 
(Mewhall, 1958). Van Gundy and Peter (1963) observed 
greater reduction in growth of citrus seedlings when 
inoculated with citrus nematode, Tvlenchulu* satosg^sas 
Cobb, 1913 and Fysarjuro solan! (Mart) Snyder 8. Hansen than 
with either of the two alone . 


Gill (1958) observed severe wilting of mimosa 
seedlings when they were inoculated with F, oxysporun f . 
perniciosuia (Hepting) Toole and either M. or 

M. lavanica . Similar results were observed by Sumner and 
Johnson (1973) ; Khan and Saxena (1969), while studying the 
interaction of f&. incognita with F. oxysporum f . sp . nAyec? 
Snyder & Hansen on watermelon and with F. oxysporum var. 
Ivconcrsisi on okra respectively. 


Singh §l r (1981) observed m increase in 
Pusarium wilt in presence of M. incognita, in 
vuloaris . Chahal and Chabra (1985) while working with pea 
cultivars observed that the combined inoculation of M. 
i ncogni ta and F. eouisetl caused significant reduction in 
as compared to by either of the pathogen alone. 





Thakar e& *£,. (1986) reported that C Ugr arjetinum 
line ICC- 12275 show no wilt when inoculated with £» oxysuoruro 
f . clseri but in presence of M. incognita this fungus caused 
50% mortality of the plants. Sakhuj® and Sethi ( 1986) 
studied the effect of W. lavanica. F. *glmk »»d H. bjt^icol^ 
on Arechis hvoogea in twelve different combinations . It was 
found that both fungi produced galling significantly in all 
treatments except where F. solan! succeeded nematode after a 
week. The maximum reduction in nematode multiplication was 
reported where one or both fungi were inoculated simultaneously 
with the nematode . The fungus R. batstlcoia exhibited 
greater antagonistic activity as compared to F, solani . 


Upadhyay and Dwivedi (1987) studied the effect of 
inoculation of M. lavanica alone and in combination with 
F. oxvsporiro f . ciceri on chickpea seedlings var. *Arodhi * 
and found that plants inoculated with fungus alone showed 
slight wilting but wilting was maximum and rapid in plants 
where nematode inoculation preceded the fungus. 


Kumar e£ al . (1988) while studying the disease 
complex in chickpea involving M. incognita and F. a&gjfisaffl 
observed that though both the pathogens individually cause 
damage to the plants but in biopathogenic conditions* highest 
damage was observed when both the pathogens were inoculated 
simultaneously followed by the treatment In which the 
nematode preceded the fungus and then by the one in which 
the fungus preceded the nematode. 
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Hasan (1989) observed a significant increase in 
vdlting when Cal anus cal an plants were inoculated with 
I.'e terodera caiani three weeks prior to the fungus ?. udum , 


Synergistic relationships of Verticil Hum were 
observed with a variety of nematodes, as for example 
V. alboatrum Heinke 8. Berth© Id with Frot /lenchus ^anetrans 
on eggplant (McKeen and Mountain, I960), tomato (Conroy at al» 
1972), potato (Morsink and Rich, 1968; Burpee and Bloom, 1974) 
Peppermint (Bergeson, 1963), pepper (Olthof and Reyes, 1969) 


Sasser §t gjL,. (1955) observed that the presence of 
root-knot nematode reduced the resistance in tobacco varieties 
to black shank fungus Phvtophthora parasitica f . nicotlnat. 
(Bredade Hann) Tucker. Powell and Batten (1967) and Melender 
and Powell (1969) found that tobacco seedlings and even 
mature plants were least affected by Rhimctp,nia solan! Kuhn, 
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Pvthiuia ultimum Trow and Trichoderroa harzianum Rifai, 
however, they caused extensive damage ©van to mature plants 
which v«r© already infected with M. incognita . However, 
simultaneous inoculation with the above fungi and root-knot 
resulted in little damage. Again Melendez and Powell (1970) 
reported that M, incognita predisposed flue-cured tobacco 
roots to Pvthium ultimum and damage to roots was more when 
the nematode preceded the fungus. Powell et aJL {1971} 
observed an interesting disease complex between soil inhabiting 
genera of fungi such as Pythium. Curvularia . Botrytis « 
Asperailius . Penici Ilium and Trichoderroa and root- knot M. 
incognita on flue-cured tobacco cultivar C 316 and found 


.970} found 


A disease complex between root-knot nematode M. incognita m 
R. solan! on tomato (Sethi, 1966} and on okra and tomato 
(Golden and Van Gundy, 1975) was also reported. Qoswarol 
et ai. (1975), while studying the interaction of M. liva,nlCA 
and Rhiaoctonia bataticola on tomato, reported that nematode 
inoculation 3 week prior to R. bataticola resulted in 33.3 
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percent wilting against 6.7, 13.3 and 6.7 on inoculation with 
fungus alone or with both simultaneously or with fungus 3 week 
prior to nematode respectively. Hoy (1977) observed that 
prior inoculation of Heterodera rostochlensls to R. s olan! or 
Colletotriehum coccodes caused greater growth reduction and 
incidence of disease In tomato cultivar ’Ails a Cralz* than 
when the fungi preceded the nematode. 


Go swam! gj, (1970) observed that 6 and 25 percent 

plants wilted when bringal seedlings were inoculated with 
Sc.l.erothlMffl rolfst! Sacc. alone and with both M. incognita an- 
fungus respectively. The root-rot of eggplants caused by 
either R. selani. Pythlum spp. or Colletotrichum atraroentariu! 
was aggravated in the presence of M. incognita and the damage 
to eggplants ms mm when either of the three fungi was 
inoculated simultaneously with M. incognita (Aram, 1975). 
Slnha et §1. {1911) observed an antagonistic interaction 
between M. Incognita and 0 ionium texanum var. parasitlcaw as 
both the pathogens were independently harmful to brinjel 
plants but their harmful effect on plant growth was reduced 
whm the nematode and fungus were present together. 


Hedrick and' Southards (1976) observed heavy damage 
•do soybean by Cylindrocladium crotolarlae in the presence of 
jA „ incognita . More damage occurred when nematode preceded the 
fungus . Adeniji (1977) reported more severe disease develop- 
ment in soybean cultivars susceptible to rhytsphtho ra 


mga 3 SB#rag Drech* var. soiae Hiid (Pms) in presence of 
Heterodera glycines than when the fungus (Pms) alone was 
pr«s@nt. Raut and Sethi (1981) , while studying the inter- 
action of M. incognita with Hhlzoctonia h^tat^cpln and 
rosarium solan! on soybean, observed that the adverse effect 
of nematode was mitigated to a great extent when either of 
the fungi preceded the nematode inoculation but the prior 
inoculation of M. incognita to R. bataticola was synergistic 
in reducing th# top growth. 

Grainger and Clark (1963) observed that even moderate 
infestation with R. solani and Heterodera rostochienfis caused 
considerable decrease in potato yield. 

According to Price and Schneider (1965), Polychrono- 
poulos et gjL. (1969) and Folyehronopoulos (1970) mixed infect- 
ion of Heterodera scha.ch.tll. Schmidt, 1871 and ft. .Solani. 
considerably promoted root and seedling damage in sugarbeet. 
Jorgenson (1970), on the otherhand, observed that mixed 
infection of sugarbeet with H. schachtii and F. ox vs pp rum 
reused less damage to sugarbeets as compared to caused by 
nematode alone. 

Apt and Koike (1962) reported that th© presence of 

r-t fungus £j£ - 

aubram. reduced top growth of sugarcane but not the root 
growth while Santo and Holtzmann (1970) reported that 
simultaneous inoculation with Pratvlenchas, zeae Graham, 1951 
ana Pythlum greadnicola reduced both top and root growth more. 
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than that with either of the pathogens alone. The damage 
aggravated when nematode inoculation preceded the fungus. 


O'Bannon aJU (1967) reported an increase in root 
decay by Fusarium spp. in lemon if Tvlenchulus s srdoeoetrans 
was also associated. 


^fountain and Bendict (1956) reported that Pratvlen- 
chus minyus and Rhlzoctonia solan! combination caused two 
fold reduction in growth of winter wheat. Kislel et ai . 
(1969) noticed that Tylenchus agricola de Man, 1884 Filipjev, 
1934 also contributed towards the increase in root-rot of 
corn caused by Fuaarium roseum (Link.) Snyder & Hansen. A 
synergistic interaction between M. incognita and Fusariua 
aonillforae Scheldon on maize has been reported by Palmer and 
Nac Donald (1974). 


Chhabra e^ aj,. (1977) reported significant reduction 
in okra plants when inoculated with mixture of incognita 
and a, solan! . The maximum reduction was noticed in simul- 

o.a<5 SW'm^vwa* 

taneous inoc- l r tier . . Kumar ^(1931) while studying the disease 
complex between Botvlenchua ranlformis and R. solan! on okra, 
reported that wilting in okra plants appeared earlier ishen 
nematode infection preceded the fungus. 


Reddy et al. (1979) while studying disease complex 
involving M. incognita and R. solan! on french bean reported 
that simultaneous inoculation of both the pathogens caused 
greater damage than either of the pathogen alone. 


n 


Khan and Husain (1988) reported that individually, 

J. solani was the most aggressive pathogen of cowpea followed 
by M, incognita and R. reniforrids, while concomitance of 
nematode and fungus was more damaging than the association of 
both nematode species and the association of R. solani with 
M, incogn ita caused greater plant growth reduction as compared 
to its association with R. renif onnis. . 

Junaid and Khan (1989) while working with disease 
complex in chickpea reported the additive effect when plants 
were inoculated with M. lavanica and Sclerctiuiu rglfsil . 
Greatest suppression was reported in simultaneous inoculation 
with the two pathogens, 

Mehta e& (1989) while studying interaction of 
M. lavaoica and R. solani on watermelon observed that the 
presence of M. iavanica enhances the fungus attack while the 
fungus R. solani antagonistic to nematode repro Aiction . 

De Souza and Powell ( 1992 j , while studying disease 
complex involving M. exi.qy_a and R. solani on coffee, observed 
more root necrosis and defoliation in coffee seedlings when 
nematode inoculation preceded the fungus as compared to when 
both the pathogens were inoculated either simultaneously or 
separately. 


Ill, NEMATODE - FUNGUS SEEDLING DISEASE COMPLEXES 


Reynolds and Hansen (1957) reported that post 
emergence damping off in cotton, caused by ihizoctoriia solani . 
became severe in the presence of M. incognita a or it a . In 
addition to R. solani fungi such as F. pxysoo.raffl. f * msAnfeetum 
and I-'vthiuro debarvanum Hesse enhanced damping off in cotton 
in the presence of M. incognita acrita (Horton, I960; Iftiite 
1962; Brodie, 1963). Brodie and Cooper (1964) observed 
synergistic reaction between R. solani and M, Incognita 
acrita on cotton, further, this type of reaction of R. solani 
with other nematodes such as Rotvlenchulus raniforciis , 
Honlolaimus tvlenchifomis Daday, 1905, M. Incognita . M. 
and M. arenaria has also been noticed. The emergence of 
soybean seedlings was adversely affected by R. solani. In the 
presence of M. lavanica or M. hap l a {Taylor and Wyllia, 1959). 
Similar interaction was observed by Agarwal and 5oswami (1973) 
when soybean seedlings were inoculated simultaneously with 
•ii- incognita and tacrophoMna phjseaji (Mauble) Ashby or when 
nematode preceded the fungus as against those treatments 
where fungus preceded the nematode or where fungus alone was 
used. The association of Heter.Qdg.rj gimmes and IiiEtsahthp£a. 
mega sperms var. so.lae caused greater damage to soybean seed- 
lings than either of the pathogens alone (Adenji ci &l., 1975). 

Whitney (1971, 1974) reported synergism between 
Heterodsra schachtll and Pythlum ultimum in pre and post- 
emergence damping-off of sugerbeet seedlings. Similar 



synergism between root-knot nematode end Sclerotic rolf sti 
in emergence of tome to seedlings was also reported by Shy k la 
and Swarup (1970). Raman et |1. (1974) observed that seed- 
ling blight of rice caused by Sclerotlum rolfsii was greater 
in presence of Hoploalmus Indicus Sher, 1963. 


Khan et &L. (1971) reported much greater reduction 
in the emergence of cauliflower seedlings in presence of 
Tvlenchorhvnchus brassicee Siddioui, 1961 and R. solan! th an 
in R. solan! alone. 


Legumes are cultivated all over the world and stand 
next to cereals in their economic value (Allen and Allan, 
1958), Cowpea, Vi ana unnulculata (Linn.) Walp. is one of 
the legume which is a crop of vital importance. In India, 
cowpea is a multipurpose crop commonly grow as vegetable, 
puls®, green manure and fodder. In cowpea, wilt caused by 
Ruaarlum sp, and root-rot caused by Rhiasoctonia sp. are 
common diseases which result in great economic losses. It 
has also been reported that the cowpea is highly crone to 
dare age by Veloldoavoe incognita and Heloldoavne 1 avanica 
(Prasad et al . , 1964). 


From the above review it is clear that considerable 
work have' been carried out on disease complexes involving 
nematodes and fungi. During the course of survey of legume 
fields in Jhansi and nearby areas, severe seedling mortality 
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and stunting of plants was noticed in son® beds of cowpea. 

On uprooting the plants, lesions/rotting and galls were 
observed on the root system. Preliminary investigations 
showed that the lesions were caused by Rhizoctonia solaxl 
Kuhn, and the galls by Meloidoqyna incognita. C fefoid and 
White, 1919) Chitwood, 1949. Sine© little information is 
available about the disease complex involving root-tact 
nematode, Maloidoavne and root-rot fungus, Hhizoctonia on 
cowpea, therefore, it has been considered desirable to study 
the following: 

1. Screening of cowpea germplssms against root-knot 
nematode Meloidoqyne incognita ( Kof old and White, 

1919) Chitwood, 1949. 

2. Screening of the above cowpea gerraplasms again® t 
R hizoctonle solan! Kuhn. 

3. Effect of different inoculum levels i.e. 10, IDO, 

1.000 and 10,000 larva® of M. incognita on plant 
growth of cowpea germplasra, EC-244231 (susceptible 
to incognita) . 

4. Effect of different inoculum levels i.e. 0.25, 0.50, 

1.00 and 2.00 g of R. solan! on plant growth of' 
cowpea germplasm, EC-244231 (susceptible to R. aclani) . 

5. Effect of inoculation of cowpea gertsplasra, EC-244231 
(susceptible to R. solan! ) with - 

i) M. incognita, alone t 
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{ ii) R. solan! alone; 

(ill) M. incognita and R. so la ml simultaneously; 

Civ) M. incognita 1 week prior to R. solan! : and 
(v) R. solan! 1 week prior to M. incognita 

6* Effect of inoculation of cowpea germplasm, IL-163 
(resistant to R. solan! ) with ~ 

(i) M. incognita alone; 

(ii) R. solan! alone; 

(lii) M. incognita and R. solan! simultaneously; 

Civ) M. Incognita 1 week prior to R. solan! ; and 

(v) R. solan! 1 week prior to M. incognita . 

7. Effect of individual and concomitant inoculation of 
M. incognita and R. solan! on seedling ©mergence/ 
survival of cowpea germplasm, EC-244231. 

8, Effect of seed treatment with neraaticide (Carbofuran) 
and fungicide (Bavistin) on the control of disease 
Comdex involving M. incognita and R. solanl on 
cowpea germplasra, EC-244231 . 




MATERIALS AMD METHODS 


RAISING CULTURE AMD THEIft 4AINTENAWCE 


NEMATODE 

The inoculum of root-knot nematode, Meloitiogyne 
in cognita (Kofoid and Vihite, 1919) Chitwood ». 1949 was raised 
and maintained on brinjai seedlings ( Co la nun me long L. ) . 
a single egg mass, obtained from infected roots of brinjai 
olant, was surface sterilized in 1 :500 aqueous solution of 
rhlorex (den Cuden, 1958) for 5 minutes and washed thrice in 
sterilized distilled water. The egg mass was then allowed 
to hatch under aseptic conditions in sterilized distilled 
water at 27°C + 2°C temperature. The brinjai seedlings 
raised in autoclaved soil were inoculated with these larvae* 
In order to have regular supply of the inoculum more brinjai 
seedlings were inoculated at regular intervals from time to 
time . 

. Every time prior to inoculation the egg masses were 
removed from the Infected roots of brinjai seedlings and 
allowed to hatch (Stemerding, 1963). For larval count, 5 ml 
of larval suspension thus obtained was pipetted in counting 
dish and the number of larvae was counted under stereoscopic 
microscope {Southey, 1970). The process was repeated thrice 
and the number of larvae present per ml of larval suspension 
was standardized. 
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Throughout the studies each seedling was inoculated 
vdth 1,000 freshly hatched larvae contained in 10 ml steri- 
lized distilled water, unless stated otherwise. 


Rhizoctonia solan! Kuhn used in the present studies 
was isolated from the infected root of cowpea ( Vienna, 
unauiculata L.) Walp. The culture was purified by making 
hyphal tip isolation. 


The inoculum of the fungus was raised on autoclaved 
potato - dextrose broth (peeled and sliced potato 200 g; 
dextrose 20 g; distilled water 1000 ml) contained in 250 ml 
flasks. These flasks were incubated at 25°C ± 2°C. The 
mycelial mat thus obtained was filtered, washed in sterilized 
distilled water and then macerated in sterilized warring 
blender fot 30 seconds (with intermitant operation of the 
blender). The fungal suspension was prepared by mixing the 
fungal mycelium in sterilized distilled water in such a way 
that each 10 mi of suspension contained 1 g of fungus. 

This suspension of the fungus was used throughout the studies , 
unless stated otherwise . 


The seeds of cowpea germplasms used were surface 
sterilized with 0.1% of mercuric chloride solution and washed 
with sterilized distilled water thrice. The seeds were 
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bacterised with cowpea rhizobium culture prior to sowing 


Bacterisation of seeds was done with carrier-based 


culture of cowpea rhizobia, obtained from the Division of 
Microbiology, Indian Agricultural Research Institute, New- 
Delhi, The carrier-based culture was mixed with minimum 
amount of 10 percent sucrose solution to form a slurry and 
seeds were added to the slurry so as to uniformly coat the 
seeds v-dth the inoculant. The seeds were dried in shade 
and sown immediately (Subba ftao, 1982), 


One week old seedlings of test plants were inoculated 
with root-knot nematode by pipetting equal amount of larval 
suspension in four holes made . around the roots in the pot 
and with fungus by pouring mycelial suspension around the 
root zone. 


Barring studies dealing with screening and with 
effect of different Inoculum levels where the seedlings were 
inoculated with 10, 100, 1,000 and 10,000 larvae of root-knot 
nematode and with 0,25, 0,5, 1 and 2 g of R. so lard , the test 
plants throughout the studies were inoculated with 1,000 
larvae of root-knot and 1 g of fungus in a manner described 
above „ 


For studies dealing with concomitant inoculation 
following scheme was followed - 
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Inoculation with nematode and fungus 
simultaneously; 


Inoculation with nematode 1 week prior to 
fungus and 


Inoculation with fungus 1 week prior to nematode 


Throughout the studies there were six replicates 
for each treatment. Uninoculated plants served as control 


One hundred. Exotic as well as Indian, fodder type 
cowpea germplasms obtained from Indian Grassland and Fodder 
Research Institute , JHANSI were screened against M. incoanl 1 

and £t* 


, ; 1 is *N| WAT D§ 


For screening against M. incognita , surface steri- 
lized seeds of the germplasms were sown in plastic glasses 
containing autoclaved river-bed sand. On emergence five 
days old seedlings were inoculated with 200 freshly hatched 
juveniles of root-knot nematode by pipetting the larval 
suspension around the root- zone. Seedlings were nursed with 
nutrient solution (Long-Ashton) once a day. After 14 days 
of inoculation the seedlings were carefully uprooted and 
thoroughly washed in running water. The root system of 
each seedling was cut and stained in 0 , 1 % boiling lecto* 
phenol acid fuchsin and then cleared in leetophenol for 





24 hears (Me Beth ®t al,. , 1941). Stained roots were 
examined for penetration and developmental stages of the 
nematode. The number of larva© in different stages inside 
the roots were counted by teasing the roots under steraosco 
pic microscope. On the basis of percent penetration and 
development of the nematode in different stages inside the 
roots ? the cowpea germplasras tested were rated according to 
the following scale - 


Highly 


AGAINST FUNGUS 


The screening against R. solani was don® by blotter 
paper technique* The inoculum of the fungus was raised as 
described earlier. The fungus suspension obtained from a 
five days old culture of a flask was used to inoculate 10 
germplasas of cowpea at a time. The seedlings for inocula- 
tion were raised from surface sterilized seeds in 15 cm pots 
containing autoclaved river-bed sand. Seedlings were nursed 
with nutrient solution for five days. Five days old seed- 


lings vwrt uprooted, root system was washed in running water 
and rinsed in sterilized distilled water. The root system 
of 15 seedlings of a germplasm were dipped in the inoculum 
of the fungus contained in a beaker with an up and down 
movement for about 30 seconds. The excess of inoculum was 
removed by touching the edge of the beaker. The seedlings 
of the germplasm thus inoculated were placed siae by side on 
a white blotter paper (size 45 era x 25 cm with one fold) so 
that only the cotyledons and roots are covered and the green 
tops of the seedlings remain outside the blotter paper after 
it is folded. Five uninoculated seedlings were also kept as 
check, ' The folded blotter paper was moistened adequately 
with sterilized water. The folded blotter papers were kept 
one on top of the other, in heaps of ten in a tray. The 
trays so prepared were kept in 8.O.D. at 35°C + 2°C for a 
week . 12 hours artificial light have been provided and the 

blotters were moistened adequately daily. After a week of 
incubation, the seedlings were examined for the extent of 
root damage caused by the fungus. The seedlings were 
scored according to the following rating seal© used at 


1CRISAT (Nene 

1981). 


dating 


Reaction type 

1 

No 'infection on roots 

Resistant (R) 

2 

Very few small lesions 
on roots 

Moderately 
resistant (MR) 

3 

lesions on roots clear 
but small, new roots 
free from infection 

Tolerant (T) 



Moderately 
susceptible (MS) 


Lesions on roots many; 
new roots generally free 
from lesions . 

Boots infected and 
completely discoloured. 


RECORDIN' 


Plants were carefully removed from the pots 45 days 
after inoculation. Roots were thoroughly washed in slow 
running water to remove the adhering soil particles. The 
excess of water was removed by using blotting paper. 

Utmost care was taken not to disturb the root system during 
the entire operation. 


The growth of the plant was determined by recording 
length * fresh and dry weight of the root and shoot. The 
reduction in plant growth was also calculated in percent. 


3QQT-KNQT INDEX 


Root-knot index was recorded according to the 
following scale proposed by Khan (1971). 


Mo infection 

Trace to light infection 
Light to moderate infection 
Moderate to heavy Infection 
Very severe infection 


gyr*' - -■ mm- * ~ *•»** *•>* • 


2 ? 

RCOT-MOIXJLE INDEX 

The nodule Index was recorded according to the 
following seal©. 

0 « Nil 

1 a few 

2 - Light 

3 * Moderate 

4 « High 

N EMATCDE COPULATION 

At the end of each experiment nematode population 
was estimated by counting different stages of larvae in the 
root and larvae present in the soil. 

Ia.,sagl 

For counting the different stages of nematode 
larva® in the root, infected roots were carefully washed 
and then i q homogeneous mass of the root taken out per root 
system* wes macerated in warring blender for 30 seconds and 
the different stages of the nematode were counted in th* 
susc.'nr.ic-*' "z ~ ? -"v 

For counting the nematode population in soil* the 
soil of the pot was mixed thoroughly and a sub-sample of 
200 g of soil per pot was put in a large bucket containing 



water and stirred until all clods were broken. The heavy 
soil particles sank to the bottom and the nematode larvae 
remained suspended in water. The water was then poured into 
* another bucket through a coarse sieve (60 mesh)* leaving the 
heavy particles in the bucket. The whole aliquot was then 
passed through 350 mesh sieve. The catch of the sieve was 
taken in a beaker and the quantity of water was reduced by 
decantation allowing sufficient time for the nematode larvae 
to settle down. The suspension containing the nematode 
larvae was poured over tissue paper appended to a coarse 
sieve contained In a trough in which the sieve just touched 
the water. After 24 hours most of the nematode larvae 
wriggled out at the bottom of the trough in clear water. 

These were later concentrated by decantation. The nematode 
larvae were counted with the help of counting dish under 
stereoscopic microscope. 

EFFECT OF CONCOMITANT INOCULATION OH 
SEEDLINGS EMERGENCE 

For studying the effect of concomitant inoculation 
on the seedling emergence, autoclaved soil was inoculated 
with 1,000 and 5,000 larvae of root-knot nematode and with 
1 g and 5 g of fungus/kg of soil separately and with nematode 
and fungus together in different combinations. Uninoculated 
soil served as control. In each pot, 10 surface sterilized 
seeds of cowpea genaplasm EC-244231 (susceptible to both the 


pathogens) were sown. After one week of sowing seedling 
•mergence and after two weeks survival of seedlings was 
recorded. For each treatment there were three replicates. 

EFFECT OF NEMATICIDE/FUM3ICIDE OH THE 
CONTROL OF DISEASE COMPLEX 

For studies dealing with the effect of nematicide/ 
fungicide on the control of disease complex, surface steri- 
lized and baeterised seeds of the cowpea germplasm EC-244231 
were treated with nematicide (Carbofuran) /fungicide {Bavistin} 
prior to sowing as under. 

Carbofuran treatment 

Surface sterilized end bacterised seeds were 
treated with Cgrbofuran 3G *9 2^ a.i. w/w using own artbic 
as adhesive, 

Bavistin treatment 

Surface sterilized and bacterised seeds were tveated 
with 0.2 q Bavistin powder using gum areblc as adhesive. 

First of all gum was added to weighed quantity of 
seeds, mixed well to make uniform coating over the seeds. 

The required quantity of nematicide /fungicide sprinkled over 
it to give uniform coating over the seeds with the sticker. 
These treated seeds were spread in the shade and dried. 


One week old seedlings raised from both treated 
and untreated seeds were inoculated individually end con™ 
con- :l$ h ‘ ‘ lnrrni/r//>nt) '/&: 

A. solenl U g fungus/plant). Untreated uninoculeted 
plants served as control. There were six replicates of 
each treatment. 


The data obtained were analysed statistically 




(Table 1) 


Th® data as given in table (1) show that when one 
hundred Exotic as well as Indian fodder type cowpea gem- 


plasms, viz. , EC-244426, EC-244250, EC-244427, SC-244270 
EC-244241 , EC-244256, F.C-244430, EC-244317, EC-242416, 


EC-244209, EC-244415, EC-244249, EC-244310 , EC -2 44438 


EC-244211, EC-244131, EC-244424, EC-244320, EC-244243 


EC-244123, EC-48543, EC-244432, EC-244226, EC-244231 


EC-244125, EC-4166 , EC-8414, EC-37614, EC-244372, EC-244242 


XC-6805, IG- 48720, IC- 19070, IC-39354, IC-28671, IC-42194, 
IC-68661, XC-20737-A, 1C-20683/83, IC-20458/P1, IC-20677, 
IC-20504, IC-20504-2 , IC-20533, 11-133, NP-3, IC-19785, 
EC-244409, IL-1108, IL-1057, IL-362, IL-178-B, Hy 8 P68-A, 

Hy 10 F68-1, 1L-1035, Hy 10 P68-2, IL4B0, N P 3-18, NP 3-17, 
IL-390-B, NP 3-16, IL-672-A, IL-163, Hy 10 P6S-4, Hy 8 (60-15), 
NP 3-2, IL-8705, NP 3-1, IL-1146-A, IL-904-B, 'Hy 79 P5/A, 
IL-855, I L- 1149, Hy 6 P52-15, IL-1116, Hy 78 P5 ; IL-672, 

I L- 1066, NP 3-9, IL-3156, Hy 10 P36-1, IL-876, IL-3157, 
IL-499-A, IL-200, IL-449, NP 20, IL-1093, Hy 8 P60-9, IL-178-A, 
IL-3186, 11-893, IL-914, Hy 1 P65, Hy' 10 P68, 11,-450, IL-1155-A 
ZL-1059-A, Hy 8 P60-12 and .Hy 8 P6-13 were inoculated with 
,200 freshly hatched juveniles of M« incognita . the different 
germplasms exhibited different degree of resistance and 
susceptibility as measured on the basis of percent penetration 



Screening of fodder type cowpea gerwplasms against 
U. incognita (Kofoid 8. White, 1919) Chitwood, 1949 
r Based on percent penetration and development of 
nematode) 


% larval 
penetration 


Htaction 

‘type 


germplaam 


56.5(67.25) 

43.0(25.58) 

41.5(30.12) 

71.0(64.78) 

50.0(35.00) 

47.0(31.91) 

31.5(31.74) 

27.0(27.77) 

35.0(28.57) 

25,0(18.00) 

83.0(78.31) 

32.0(28.12) 

71.5(69.93) 

29.5(30.50) 

73.0(65.06) 

17.5(8.57) 

42.0(29.76) 

29.5(33,89) 

76.0(78.94) 

12.5(0.0) 


EC - 244426 


EC - 244270 


EC - 244241 


EC - 244430 


EC - 244317 


EC - 242416 


C - 244249 


:C - 244310 


EC - 244211 


EC » 244131 


EC - 244424 


EC - 244123 




. • , S5EaS^-.i. HI ■MKiA k — 1 - _ - - ----- 

3 ^ 


X 

2 

3 

4 

5 

21 . 

EC - 43543 

94.0(84.04.) 

4 

ITS 

22 . 

EC - 244432 

72 .0(76.92 V 

4 

MS 

23. 

EC - 24422.6 

68.0(66.17) 

3 

S 

24. 

EC - 24423,1 

55.0(63.63) 

3 

3 

25. 

EC „ 244X25 

47.0(31.91) 

3 

n 

25, 

EC - 4166 

80.0(84.37) 

4 

m 

27. 

EC - 8414 

43.0(34.88) 

3 

R 

28. 

EC - 37614 

25.0(16.00) 

1 

HR 

29. 

"C - 244372 

28.0(26.73) 

2 

R 

30. 

EC - 244242 

55.0(59.09) 

3 

S 

31. 

1C - 6805 

42. Of 35. 71) . 

2 

R 

32. 

1 C - 48720 

30.0(26.66) 

2 

R 

33. 

IC - 19070 

29.5(32.20) 

2 

R 

34. 

IC - 39354 

90.0(83.33) . 

4 

HS 

%e$ V ^ # 

IC - 2B671 

38.0(32.89) 

2 

R 

36. 

IC ~ 42194 

41 .0(32.93) 

2 

R 

37. 

IC - 60661 

30.0(33.33) 


R 

38 . 

IC - 20737- A 

49.0(33.67) 

0 

Ma&t. 

R 

39, 

ZC - 20683/83 

41.5(36.14" 

3 

7 

40 « 

IC - 20458 /PI 

66.0(68.18) 

3 

**« 

41 9 

IC - 20677 

43.0(29.06) 

2 


AO 

r - - m 

IC - 20504 

42 .5(35.29) 

2 

R 

43. 

IC - 20504-2 ■ 

20.0(17. 50' : 

1 

HR 


35 



1C - 19785 


EC - 244409 





27.0(25.92) 
19,5(15.38) 
8. 5(0.0) 
72.5(65.51) 
27.0(27.77) 
32.5(30.76) 
63.5(70.86) 
44.5(33.70) 
40.5(30.86) 
44.0(28.40) 
40.5(32.09) 
58.5(61,52) 
17,5(8.57) 
39.0(32.05) 
47.0(35.10) 
18.0(11.11) 
43.0(29.06) 
34.0(27.94) 
17.5(8.57) 
43.0(25.58) 
44,0(32.95) 
22.0(13.63) 
43.0(32.55} 


contd 



IL - I I 55- A 


Exotic Collection ; 1C « Indian Collection? HP * Now Puia 
Indigenous Legura® (IGFRI) ; By P « Hybrid Plant? 

Highly Resistant? R « Resistant; S * Susceptible; 
Highly Susceptible. 


1. Each reading is a mean of three replicates. 

2, Figures in parentheses denotes % larval development 
in III stage, IV stage and young female. 


£^•2 b &L. i 


33 


and development of the nematode in the roots, after 14 days 
of Inoculation. The results indicate that out of 3.00 omrn- 
plasms tested 20 were oroved to be highly resistant fSl.^o. 


10, 

16, 

20, 

28, 

43, 

48, 

58, 

59, 

61, 

65, 

69, 

69, 

79, 

82, 

85, 

m 

m 

94, 

95, 

96 , 

and 

97)} 

57 

to be resist; 

mt 

(SI.' 

b . I 

2. 3, 

i 5 » 

6, ' 

7, 3, 

r 9, 

12, 

14, 

17, 

18, 

25, 

27, 

29, 

31 , 

f 

33, 

35, 

36, 

37, 

38 , 

39, 

41, 

47, 

44, 

45, 

, 46, 

47, 

49, 

50, 

52, 

53, 

56, 

60, 

62, 

64, 

66, 

67, 

71, 

72, 

74, 

» 75, 

76, 

77, 

SO, 

81, 

93, 

04, 

86, 

87, 

89, 

91, 

92, 

93, 

93, 

99 

and 

100) 

; l 7 

to 

be susceptible 


(SI. Mo. 1, 4, 13, 15, 23, 24, 30, 40, 51, 54, 55, 57, 63, ?n 
73, 70 and 90} and 6 to be highly susceptible ( SI. Mo. 11, IP 
21, 22, 26 and 34). 

AGAINST FU SOLANI 
■ (Table 2) 

The data as given in table (21 show that when all 
the above Exotic as well as Indian cowpea germplasms were 
screened against 9* g-ol-n:, by blotter pacer technicue, the 
different germplasms show different reactions ®s measured 
on the basis of extent of damage caused by the fungus in the 
root system. The results show that out a c the hundred 
germplasms tested, 14 were found to be resistant ( SI .Mo . 6, 


n 


Table 2 ; Screening of fodder type cowpea gerraplasras against 

ft. solan! Kuhn. 

(Based on extent of damage caused on the root system) 


SI* Mo « 

Cowpea germplasm 

Rating seal® 

Reaction type 

i 


2 

3 

4 

i. 

EC 

- 244426 

3 

T 

2. 

tSw 

- 244250 

4 

MS 

3. 

EL 

- 244427 

2 

MR 

4. 

cr 

Cv 

- 244270 

2 

MR 

# 

EC 

• 244241 

2 

MR 

6. 

EC 

- 244256 

1 

ft 

7. 

cr 

ou 

- 244430 

2 

m 

8. 

Gf 1 * 

- 244317 

1 

R 

9. 

EC 

- 242416 

1 

R 

10. 

CT*' 

CL* 

- 244209 

2 

MR 

Jw vi- . 

BC 

- 244415 

1 

R 

12. 

EC 

- 244249 

1 

R 

13. 

sL* 

- 244310 

2 

MR 

14. 

EC 

«• 244438 

3 

T 

15. 

BC 

- 2442X1 

3 

T 

16. 

EC 

- 244131 

2 

MR 

17. 

EC 

- 244424 

3 

T 

18. 


- 244320 

3 

T 

19. 

CT‘ 

- 244243 

2 

MR 

mXJ # 

EC 

- 244123 , 

2 

: ■ 'Hi ' ■ 

: lift - 


Contd 



244231 


244125 






1 

2 : 

3 4 

68, HP 3 - l 

i S 





91. 

1L - 3186 

2 

MR 

92. 

1L - 893 

2 

MR 

93. 

IL - 914 

4 

MS 

94. 

Hy 1 P55 

3 

T 

93, 

Hy 10 P68 

4 

MS 

96 * 

XL - 450 

3 

T 

97 , 

XL - 1155-A 

3 

T 

98. 

XL - 105.9-A 

3 

T 

99. 

Hy 8 P60-12 

2 

MR 

100. 

Hy 8 P6-13 

2 

MR 


LG = :ic C-c ;ionj IC « In Collect '• * •' 

XL ~ Indigenous Legume (I3FRI) ; Hy P = Hybrid Plant; 

H * Resistant; MR « Moderately resistant; T « Tolerant; 

MS as Moderately susceptible ; S » Susceptible 



9, 11, 12, 23, 57, 58, 62, 63, 66, 67, 68 and 77); 29 to 
moderately resistant (SI. Mo. 3, 4, 5, 7, 10, 13, 16, 19, 


41 to be tolerant (SI .No. 1 


34, 06, 87, 88, 89, 90, 94, 96, 97 and 98); 11 moderately 
susceptible (SI. No. 2, 26, 34, 35, 39, 41, 42, 48, 83, 93 
3 nc 95) and 5 to be susceptible (SI .No. 24, 25, 44, 49 and 


.? : ' } '.i-rZu , \ 

(susceptible to R. solani ) and IL-163 (resistant to R. solwii ) 
have been selected for subsequent studies, keeping in view 
that these both are susceptible to M. incognita . 


Appendix I) 


The data given In table (3) show that when seedlings 
of cowpea germplasm, EC-244231 (susceptible to R, solani ) 
were inoculated with 10, 100, 1,003 and 10,00*) larvae of 
M. Incognita, the dry weight of the plants, 45 days after 
inoculation, was 6.02, 5.70, 4,80 and 3,43 g respectively 
as against 6.86 g of uninoculated plants. The final 
nematode population for the corresponding inoculum levels 
was 260, 809, 1758 and 5421 respectively. The root-knot, 
index was 1.00* 1.30, 2,00 and 3.30 respectively. 


Table 3 ; Effect of four different inoculum levels, of M. incognita on plant growth, nodulation, root-knot 
index and nematode population, 45 days after inoculation of seedlings of cowpea qermplasra, 
EC-244231 (susceptible to M. incognita ) 


Treatment 

Plant dry weight (g) 

1 rfody 1$ 

% reduction 
over 

uninoculated 

Root-knot 

indix 

Nematode population 

Root 

+ 

shoot 

% reduction 
over 

uninoculated 

index"* 

Per g 
of root 

Per 200 q 
of soil 

XsM|, 

population 

Uninoculated 

6.86 

- 

3.80 


- 

- 

- 

- 

10 larvae 

6.02 

12.24 

3.16 

16.84 

1.00 

75 

185 

260 

100 larva© 

5.70 

J.6.90 

2.60* 

31.57 

1.30 

276 

533 

809 

1,000 larvae 

4.80* 

30.02 

2.30* 

39.47 

2.00 

370 

1388 

1758 

10,000 larvae 

3.40* 

50.43 

1.90* 

50.00 

3.30 

2450 

2971 

5421 

C ,D. at 5% 

1.05 


0.59 

- 

0:72 


MM 

* 

C.D. at 1% 

1.48 

- 

0.83 

- 

1.01 

mm 

mm 

MM* 

Each reading is 

an average of 

3 replicates 

• 






♦Significant at 1 % level against uninoculated. 
N.B . - For details please see Appendix I. 


Fig. i: 


Plant dry weight, nodule index, root-kn„t 
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pe^plasm, r-C-244231 were inoculated with 
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rig. 2 


Hoot growth, nodulatlon and root-knot index 
when seedlings were Inoculated with four 
different Inoculum levels of m. incognita . 
CHECK ~ Hni.ioculatod . 
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EFFECT OF DIFFERENT XMQCULUM LEVELS J3TJU SOiM I 

(Table 4; Figs. 38.4; Appendix II) 


of uninoculated plants. The nodule index was 3.50, 3,30, 
2,80 and 2. S3 respectively as against 3,80 in uninoculated 
plants for the corresponding levels. 

It is evident from the data that with an increase 
in inoculum level there was a corresponding decrease in dry 
weight and nodule index. 


It is, therefore, clear that with an increase in 
inoculum level there was a corresponding decrease in dry 
weight and increase In the nematode population and root- 
knot index. On the other hand, the nodule index was 
reduced with an increase in inoculum level and it v-?s 3.16, 
2.60, 2.30 and 1.90 respectively for the corresponding 
inoculum levels as against 3.80 in usntnoculated plants. 

1,000 larva© were sufficient to cause significant 
reduction (at 1 % level) in dry weight of the plants against 
uninoculated one. 
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rsbie 4; Effect of four different inoculum levels of R.ffileni. 
’ on plant growth and nodulation, 45 days af “'.er inocu-r 
lation of seedling* of eowpea gerraplesm, -'—244231 
(Susceptible to R. solan! ) 


Treatment 

Plant dry weight (g) 

Root % reduction 

* over 

shoot uninoculated 

Module 

index 

% redaction 
over 

yninoculated 

Uninoculated 

6 .86 

- 

3.80 

- 

0.25 g 

6.20 

9.62 

3.50 

7.89 

0.50 q 

5.86 

14.57 

3.30 

13.15 

1.00 g 

4*89* 

28.71 

2.80* 

26.31 

2.00 g 

4.00* 

41.69 

2.50* 

34.21 

C.D. at 5 % 

0.76 

mm 

0.49 

- 

C.D. at 1 % 

1.06 

-* 

0.68 

* 8 * 


Each reading is an average of 3 replicates, 
Significant at 1% level against uninocuiated, 
M.3. - For details pleas* see Appendix la-. 


Fig. 3 


Plant dry weight and nodule Index V H 
of cow-pea gerraplasm, EC-244231 were 
with four different inoculum levels 


r ®n see linns 
inocul - te 1 
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Fig. 4: 


toot growth and nodulation when seedlings »re 

inoculated with four different inoculum levels 
of R. solan! 

tfisCK a Uninoculated . 
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, R#su; . aolani ) with 1, 
iarv 3 ftn t combinations ) 
p iantjQcu lation 


i tod® population 

c 200 g Total 

f soil POPU- 

! latton 


Treatment 


Uninoculated 


Nematode alone 


Fungus alone 


Nematode & fungus 
simultaneously 


Nematode 1 week 
prior to fungus 


Fungus 1 week 

prior to nematode 61190 


level 0 


C.D. at 1 % level 1 


Each readin 
^Significant 
•Significant 
N.8. " For d 


The 1 g of fungus solan! was sufficient to csuse 
significant reduction (at 1 % level) in dry weight of the 
plants against uninoculated one. 

INOCULATION WITH M. INCOGNITA AND R. SO LAM I 

Cowpea aermplasm BC-244231 (susceptible to R. sol*nl)_ 

(Table 5; Figs. 5-8*, Appendix III) 

The results given in table (5) show that when seed- 
lings of cowpea germplasra, EC-244231 were inoculated with 
root-knot nematode alone or with fungus alone or with 
mixture of the two simultaneously or sequentially with 
nematode 1 week prior to fungus or fungus 1 week prior to 
nematode * the percent reduction in dry weight* 45 days after 
inoculation* over uninoculated on® in the above treatments 
was 27.34* 29.46, 58.93, 43.29 and 32.65 g respectively; 
root-knot Index was 2.90, 0, 2.60, 2,80 and 7,50 respectively 
and the final nematode population was 3425, 0 , 2349, 2683, 
and 1988 respectively for the corresponding treatments. 

Marked reduction in nodule index was also observed 
for the corresponding treatments and it was 2.40, 2 . 55 , 2,10, 
2.26 and 2.40 as against 3.70 in uninoculated plants. 

From the results presented above, it is clear that 
in all the treatments reduction in dry weight was significant 
{at 1 % level) as against uninoculated . When C.D. at level 
was calculated in between the concomitant treatments, it was 
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Table 5i 


Results of inoculating seedlings of cowpea germplasm, EC-244231 {susee^t-'ble *n n «ni*n 4 l ■ 
larvae of M. incognita and 1 g of R. splapi singly and concomitantly (three d^ffeffn f^fPfc ln 
plant growth, nodulation, root-knot index and nematode population, 45 days after inoculation 


) with 1.000 
inations) on 


Treatment 


Plant dry weight (g) 


Root % reduction 
+ over 

shoot un inoculated 


Module % reduction Rogt- 
inaex over 1 ■: ' ’ ' ’ 

uninoculated fnclex 


% reduction 
over 
nematode 
alone 


Nematode population 
per 200 g TotgJ, 


Per g per 200 g 
of root of soil 


ration 


Uninoculated 9.40 

Nematode alone 6.83* 

Fungus alone 6.63* 

Nematode 8, fungus 
simultaneously 3.86** 

Nematode 1 week 

prior to fungus 5.33* 

Fungus 1 week 

prior to nematode 6.33* 


— 

3.70 

- 

27.34 

2.40* 

35.13 

29.46 

2.66* 

28.10 

58.93 

2.10* 

43.22 

43.29 

2.26* 

38.91 

32.55 

2.40* 

35.13 


2.90 - 1632 

■ *** mm 

2.60* 10,34 1046 

2.80 3.44 83? 

2.50* 13.79 798 



mm 

- 

1793 

3425 

3.425 

1303 

2349 

2.349* 

1346 

2683 

2.683* 

1190 

1988 

1.988* 



C.D. at 5 % level 0.38 
C.D, at 1% level 1*23 


0.20 


0,025 

0.036 


Fig. 3 


: Plant dry weight, nodule index, root.!-., , . 

^ ' TO f X 1 

and nematode population when seed) j n <vf 
gerraplasm i C-244231 were inoculated > , „ 

larvae of M. incognl ta and 1 g of . so l 
individually and concomitantly { thre r '~5Tff7 
combinations) 

A = Uninoculated; B a Uematode alone; 

C * Fungus alone; D = NJematode and f un , 

simultaneously; E » Mematoce l week r ., i 0> . 
fungus; F « Fungus 1 week nrior to ne^todl 


1 P X 

vyi 

, t 


flent dry weight, nodule in lex, root-knot in- ex 
and nematode population when seedling* of err r*a 
germplasm C-244231 were inoculated ' 1th J t rv Ti 
larvae of f/. incognita and i g of so I an j 

individually and concomitantly (three different 
combinations) 

A = Uninoculated ; B s dematode alone; 

C * Fungus alone; D = Memetode and furious 
simultaneously; E =* dematoce 1 week prior to 
fungus; F « Fungus 1 week orior to nematode. 




Fig. 6? 


Plant growth, nodulatlon ?nd rr»M~k 
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W - Mereetode a Ion# 

F “ Fungus alone 

N + F K N#raat <>d« and fun <us simultanr. 


irv’^x vfpn 
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observed that significant reduction occurred only in the 
treatment where the seedlings were inoculated with root-knot 
nematode and H. ffilani simultaneously. There was a signi- 
ficant decrease in nematode population in all the concomitant 
treatments as against the treatment where seedlings were 
inoculated with nematode alone. 

Cowei germplasra 1L-I63 (resistant to 2. solani) 

(Table 6; Figs. 9-12? Appendix IV) 

The results given in table (6) show that when the 
seedlings of cowpta gerraplesm, IL-163 were inoculated with 
root-knot nematode alone or with fungus alone or with mixture 
of the two simultaneously or ssouentially with nematode 1 
week prior to fungus or fungus 1 week prior to nematode, the 
percent reduction in dry weight, 45 days after inoculation, 
"over uninoculated one in the above treatments was 23.89, 

-0.38 , 54.15, 29.87 and 25.19 g respectively? root-knot index 
was 2.90, 0, 2.20, 2.30 and 2.10 respectively and the final 
nematode population was 2559, 0, 2050, 2075 and 1742 
respectively for the corresponding treatments. 

Marked reduction in nodule index was also observed 
in all the treatments except where the seedlings were inocu- 
lated with fungus alone. The nodule index was 2 .96, -3.o3, 
2.60, 2.86 and 2.86 against 3.40 in uninoculated plants for 
corresponding treatments. From the results presented above, 
it is clear that in all the treatments except where seedlings 
were inoculated with fungus alone, the reduction in dry weight 


5 $ 




Table 6 : Results of Inoculating seedlings of 
larvae of M. incognita and 1 g of R 
on plant growth, nodulation, root-1 


owpea gerraplasm, 11-163 (Resistant to R. solan!) with 1.00 
|oian|, singly and concomitantly (three“difTerent combinati 
t Index and nematode population, 45 days after inoculation 


% reduction 
over 

uninoculated 


solani) with 1,000 


Root- 

In5tx 


% reduction 
over 
nematode 
alone 


Per g 
of root 


Nematode population 

Per 200 g Total 

of soil popu- 


lation 


Uninoculated 

7.70 

** 

3.40 

mm 

Nematode alone 

5.86* 

23.89 

2 .96* 

12.94 

Fungus alone 

7.73 

*38 

3.33 

2.05 

Nematode -i fungus 
simultaneously 

3.53*41 

54.15 

2.60* 

23.52 

Nematode 1 week 
prior to fungus 

5.40* 

29.87 

2.86* 

15.88 

Fungus 1 week 
prior to nematode 

5.76* 

25.19 

2.86* 

1 «L ftft 





mm 


** 

2.90 

mm 

1094 

1465 

2559 

2.559 

- 

- 

mm 

- 

- 

- 

2.20* 

24.13 

890 

1160 

2050 

2.050* 

2.30 * 

20,68 

780 

1295 

2075 

2 .075* 

2.10* 

27.58 

641 

1101 

1742 

1.742* 


C.D. at 5 % level 0.85 - 0.29 - 0.31 - - 0.244 

C.D. at 1 % level 1.20 - 0.41 - 0,43 - - 0.342 

Eech reading is an average of 3 replicates. 

* Significant at 1% level against uninoculated. 

• Significant at 1 % level in between the concomitant treatments . 

N.3. - For details please see Appendix IV. 



ant d *y ight, nodule Index, mot-kno* jr 
end nematode population when seedily 0> - 
germplasm IL-163 were inoculated with !,rn 
larvae of M. iflcagnita and i a o' =. soUni 
individually and concomitantly ( three ~u"f7T- 
combinations) 


A * Jninoculated : 


r B ~ em " tode alone 

c = "»»*«• •Ion*; D „ -Je^tode 
simultaneously; K = Mematode 1 Wf , 

funius; F = Funrjus 1 week prior to 


*nd fum 


! | % 







:* 2 n. j. 0 : Plant grov/th, no uul etion and root— knot Index 

when seedlings were inoculated with l f OOO larva® 

of M* lapoinita and 1 i of d. sc l an l 

simultaneously 

CHHCK. = Hn inoculated 

sj =; N etna to do alone 

c - : ungus alone 

■ + “ “ Nematode and f-imus simultaneously 



M. INCOGNITAS R. SOLAN! SIMULTANEOUSLY 
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m9 significant (at 1* l#v®15 at against uninocuiated and 

c.D. at 1# laval was calculated in bat wan the concomi- 
tant treatments, it was obtarvad that the significant- reduct- 
ion occurred only in tha treatment #i®r@ the seed linos were 
inoculated with namatoda and fungus simultaneously. There was 
significant dacraas# in nematoda population in all the 
concomitant treatmants as against the treatment where the 
seedlings war® inoculated with naraatod# alone. 

Tha results obtained and presented in table (6) 
clearly show that th# presence of nematode has broken tha 
resistance of cowpea gernplasm IL-163 against the fungus 
1* solanl . It is interesting to note that the presence of . , 
Lmatode was not only able to break the resistance of cowpea 
gerwplasia It- 163 against fungus, but the daman® was almost 
aquai to that which was in fungus susceptible germplasm, , 

EC-244231 . 

Front the data given in table (5) and (6> it is 
clear that the optimal reduction In dry weight occurred 
where seedlings were Inoculated with nematode and fungus 

simultaneously. 


s v :rxiyi is 

{Table 7; Fig. 13) 

The results given In table (7) show that s*en 
seeds of cowpea ger^lasm. K-244231 (susceptible to both 




Effect of individual end concomitant inoculation of 

B* ftoianl on emergence/ survive 1 of 
seedlings ot eowpea geraplasa, EC-244231 
{susceptible to both the pathogens) 


Percent ©mergenea/surviva X of 
seedlings 


Inoculum levels of 
& incognita/ kg soil 


Inoculum levels of R 


rjnorgence of seedlings 
liter one week 


1,000 larvae 


5,000 larvae 


Survival of seedlings 
after two weeks 


1,000 larvae 


000 larvae 


ach reading is m average o 




Fig. 13; 


Effect of individual and concomitant inoculation 
.!• -iAPP.,9H^ l a and R. solan! on seed linn 
emergence/survival of cowpea germplasm, 

FT-? 44231. 
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the pathogens) were so wn in soil inoculated with 1,000 
larvae and 5,000 larva# of M. incognita alone or with 1 g 
and 3 g of H. solanl alone, the seedling emergence was 30,0, 
80.0, 73.3 and 60.0 percent respectively and the survival 
of emerged seedlings was 80.0 , 80.0 , 73.3 end 53.3 percent 
against 80.0 percent in control {uninoculated soil). In 
soil inoculated concomitantly with nematode and fungus in 
different combinations i.t. 1000 Iv. + 1 g fungus; 1000 iv. 

♦ 5 g fungus; 5000 lv. + 1 g fungus and 5000 Iv. + 5 q 
fungus, the seedling emergence was 70.0, 60.0, 70.0 and 
50.0 percent respectively and the survival of emerged 
seedlings was 70.0, 53 . 3 , 60.0 and 33.3 percent respectively. 

The above results clearly indicate that nematode 
alone had no adverse effect on emergence and survival of 
seedlings while the fungus alone has reduced the seedling 
emergence. The concomitant inoculation of the two pathogens 
had an adverse effect on the seedling emergence as well as 
on survival of seedlings. The maximum reduction occurred at 
higher inoculum levels of both the pathogens. 

PFPi- nr n? seed TREATMENT WITH 
F^ TCTDTf'iiyiCTPi) ON THE C0?crS. QjLIl!IZ££L. 
livOIVIN-l M. INCOGNITA AMD ft .. 3P.LMI 

(Table 8? Fig. 14; Appendix V) 

The results presented in table (8) show that in 
uninoculated seedlings raised from seeds with no treatment, 
carbofuran treatment and bavistin treatment, the dry weight 


Table 8: 


Effect of seed treatment with neraaticide (Carbofuran) /fungicide (Bevistin) 
nematode multiplication and plant growth, after 45 days of inoculation 


against disease 


development. 



Dry weight (g) 

p&le 

Index 

% reduction 
over 
control 

Root- 

Index 


Nematode population 


Treatment 

Root 

4* 

shoot 

% reduction 
over 
control 

Per g of 
root 

Per 200 g 
of soil 

Total 

population 

_ Pf 
R * 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Untreated uninoculated 










Contro I 

11.06 

- 

3.86 

- 

- 

•p 

- 

- 

am 

Untreated Inoculated 










Nema tode alone 

9.43 

14.73 

2.70 

30.05 

3.06 

1652 

1813 

3465 

3.465 

Fungus alone 

8.93 

19.25 

2.40 

37,82 

- 

- 

- 

- 

- 

nematode and fungus 
simultaneously 


.50.00 

2.13 

44.81 

2.50 

1037 

1380 

2417 

2.41" 

Carbofuran treated 
uninoculsted 

10.99 

0.63 

3.33 

13.73 

mm 

- 

- 

- 

mm 

Carbofuran treated 
inoculated 

Nematode alone 

9.79 

11.48 

3.06 

20.72 

1.76 

213 

1333 

1546 

1.5* 

Fungus alone 

9.73 

12.02 

2.60 

32.64 

- 

mm 

- 



Nematode and fungus 
simultaneously 

7.43 

32.82 

2.66 

31.08 

1.80 

235 

1346 

1531 

1.581 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Bavisti n treated 
uninocul * tea 

11 .80 

-6. 69 

3.56 

7.77 






Bavistin treated 
inoculated 

Nematode ‘Ion# 

10.(00 

9 . 58 

2.50 

35.23 

2.16 

283 

1413 

1696 

1.696 

Fungus alone 

11.23 

-1.53 

2.83 

26.68 

- 

- . 

- 

- 

— 

Nematode and fungus 
simultaneously 

8.13 

26.49 

2.83 

26.68 

1.56 

316 

1200 

1516 

1 *516 

C.D. at, S'* 

0.30 


0.31 

- 

0.44 

- 

- 

- 

0.135 

C.D. at L% 

0.4? 

mm 

0.44 

- 

0.62 

- 

- 

- 

0.189 


I uch reaainq is an average of 3 replicates. 
N.B. - For details pleas# see Appendix V 
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Fig. 14: 
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of the plants, after 45 days, was 11.06, 10.99 arid 11.80 g 
nodule Index was 3,86, 3.33 and 3.56 respectively. 


When seedlings raised from untreated seeds were 
inoculated with nematode alone or with fungus alone or with 
nematode and fungus concomitantly, the percent reduction in 
dry weight of the plants, after 45 days of inoculation, 
over uninoculeted one in the above treatments was 14.73, 

19,25 and 50.00 respectively! the percent reduction in the 
nodule index was 30.05, 37.82 and 44,81 respectively. The 
reproduction factor of M. incognita when present alone or 
concomitantly with the fungus was 3,465 and 2.417 respectively 


Vlhen seedlings raised from carbofuran treated 
seeds were inoculated with nematode alone or with fungus 
alone or with nematode and fungus concomitantly, the percent 
reduction in dry weight of the plants, after 45 days of 
inoculation, over untreated uninoculeted one in the above 
treatments was 11.48, 12*02 and 32.82 respectively; the 
percent reduction in nodule index was 20.72, 32.64 and 31.08 
respectively. The reproduction factor of M. in££22U£ 
vih©n nresent alone or concomitantly with the fungus was 
1.546 and 1.581 respectively. 





Itiefi seedlings raised from bavistirs treated seeds 
ware inoculated with nematode alone or with fungus alone or 
with nematode and fungus concomitantly, the percent reduction 
in dry weight of the plants, after 45 days of inoculation 
over untreated uninoculated one In -the above treatments was 
9.58, -1.53 and 26.49 respectively! the percent reduction 
in nodule index was 35.23, 26.68 and 26.68 respectively. 

The reproduction factor of M. incognita when present alone 
or concomitantly with the fungus was 1.696 and 1.516 
respectively. 

The above results clearly indicate that the seed 
treatment with carbofuran or bsvistin improved the plant 
growth by reducing the adverse effect of individual and 


concomitant inoculation of M. 


and H, 


nematode multiplication and root-knot index was also reduced . 
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The role of plant parasitic nematodes in disease 
development is firmly established. They not only cause 
disease but they have also been reported to increase the 
disease severity if present with other types of micro- 
organisms. This is specially true in case of root diseases, 
since the roots art exposed to a variety of micro-organisms 
under field conditions. The literature pertaining to multi- 
pathogenic effects on plants have been reviewed by Pitcher 
(1963, 1965) ; Powell (1963, 1971a t b, 1979) ? Berg© son 
(1972) and Khan (1981). 

In the present studies 100 exotic as well as 
Indian fodder type cowpea germplasas have been screened 
against M. incognita on the basis of percent penetration 
and nematode development within the roots of the germplasias. 
The different germplasms showed varied degree of resistance 
and susceptibility. Cut of the 100 qermplasms tested, 20 
mm proved to be highly resistant; 57 to be resistant; 

17 to be susceptible and 06 to be highly susceptible 
(Table 1) . 

When all the above gertsplasras were screened 
against R. solan! by blotter paper technique, the different 
germplastns showed different reactions to R. S S lS Q k » s 
measured on the basis of extent of damage caused to the 
root system. Out of the 100 gertnplasms, 14 were found to fee 
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resistant; 29 to be moderately resistant! 41 to fee tolerant 
11 to be moderately susceptible and 05 to b® susceptible 

(Table 2). 


(susceptible to R. Solant ) and IL-163 irestsxanx xo * au 
hfva been selected for further studies keeping In view tha< 
these two ere susceptible to M. tncoon?f.g.. 

y,hen seedlings of gensplssn, EC-244231 were Inocu 
. A*0tmr»n± inoculum levels i.e. 10, IOC, 



nodulation in leguminous crops due to root-knot nematode has 
already been reported fey Nigh (1966) ; Taha and Raski (1969) ; 
Belasubraraanian ( 1971) J Hussaini and Seshadri (1975)? Sbaraa 
and Sethi (1976) and Ali ®i ii. (1981). Similarly, reduced 
no delation due to fungal attack has also been reported by 
Twng-tfah and Howard (1969) and Raut and Sethi { 1981 ) in 
leguminous plants. 


Increase in nematode population at high inoculum 
levels is understandable as the presence of nematode retards 
nodulation and in extreme cases galls art produced on 
nodules containing mature female*. This fact is in accord 
with the findings of Nigh (1966); Taha and Raski (1969) and 

Jamal (1976). 

Since little it known about the role of concomitant 
inoculation of the nematode and fungus on leguminous crops* 
therefore, this aspect was also undertaken. The role of 
concomitant inoculation of the two pathogens was studied on 
cowpea qermplasm, EC-244231 (susceptible to the fungus 
r„ s olan! ) as well a® on cowpea gernplasm, 11-163 f resistant 

to the fungus R* so 1 ani. » 

seedlings of gowpl»*»* EC-244231 (susceptible 
to the funqus R. solenl ) wore inoculated with root-knot 
nemetod. alone or Aik funqu. alone or with the fixture of 
the both simultaneously or sequentially with nematode one 
„r fungus one week prior to nematode. 



the significant reduction (at 1 % level) in dry weight and 
nodule index occurred in all the treatments but the optimum 
reduction in dry weight and nodule index has occurred in 
the treatment where the nematode and fungus were inoculated 
simultaneously followed by nematode 1 week prior to fungus 
and then fungus 1 week prior to nematode, although the 
nematode alone and fungus alone was also able to cause 
significant reduction in dry weight and nodule index 
(Table 5). 


Nematode population was also significantly reduced 
in the treatments where fungus and nematode have been 
inoculated simultaneously or nematode 1 week prior to 
fungus or fungus 1 week prior to nematode . The adverse 
effect of the fungus on nematode population may be due to 
toxic effect of _Rjt so 1 an 1 (Ala® at a.!.* » 1973, Azam et «*1. , 
1979) or due to damage to the roots depriving nematodes 
of feeding sites ( Junaid and Khan, 1989) or due to nematoxic 
antimetabolites produced by the fungus (Sakhuja and Sethi, 
1986 ) . 

?#}©n seedlings of garmplas®, XL-163 { resistant to 
fungus H. solan! ) were inoculated with root-knot nematode 
alone or with fungus alone or with the mixture of the both 
simultaneously or sequentially with nematode 1 week prior to 
.fungus or fungus i week prior to nematode , the reduction in 
dry weiaht and nodule index was significant at I?-' level in 



?3 



in all the treatment* except in the treatment where the 
fungus alone was used {Table 6} . Nematode population was 
also significantly reduced in the treatments of concomitant 
inoculations as compared to the nematode alone, this is 
due to the adverse effect of the fungus as already explained 
in the preceding paragraph. 
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These findings with respect to optimum damage are in accord 
w lth those of Kawamura and Hirano (1967 a 1968); Michel 1 and 
covjeli (1972); Aiem (1975); Chhabra ©ill. (1977); *»ddy 
pt &l . (1079)1 Kumar ( 1988 ) and Jtinaid and Khan (1989), 

Although root-knot nematode, tt. an ^ 

a individually had their adverse effect on the 


and destruction 


degeneration o 
tissue# 


The nematode elm* had n0 
! or survival of seedlings 
;ive In rsdueing the seedl 

int inoculation of both th 


so 



adverse effect on th# eaergenc© os well as on the survival 
of the seedlings and ths maximum reduction in emergence and 
survival has occurred at higher inoculum level of both the 

pathogens (Table ?). 


The seed treatment with nematicld® (carbefuran)/ 
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Appendix II : Effect of four different inoculum levels of R. solan! on plant growth and nodulation, 45 days after 
inoculation of seedlings of cowpea germplasm, EC-244231 (susceptible to R. solan! ) 


Plant growth 


Triitment 


Length (cm) 



Fresh weight (g) 



Dry weight 

(g) 

§l2Ml 

index 

% reduction 
over 

uninoculated 


iOOt 

Shoot 

Total 

0 reduction 
over 

uninoculated 

Root 

Shoot 

Tota 1 % reduction 

over 

uninoculated 

Root 

Shoot 

Tota 1 

% reduction 
over 

uninoculated 


^inoculated 

24.13 

57.33 

81. 

- 

8.00 

24.80 

32.80 

- 

1.70 

5.16 

6.36 

- 

3.30 

mm 

;#,» q 

22.56 

55 . 46 

72.02* 

4.22 

7.00 * 

24.00 

31.00 

5.48 

1.40 

4.80 

6.20 

9.62 

3.50 

7.89 

§*90 g 

20 . 56 

60 . 40* 

70. 96* 

12 .88 

4.33* 

23.46 

29.79 

9.17 

1.10* 

4.76 

5.36 

14.57 

3.30 

13.15 

1*00 9 

J3.63* 

43 . o3 * 

62 ,26* 

. J . .j > * 

4.96* 

21.20* 

25. 16* 

20.24 

0.93* 

3.96* 

4.89* 

28.71 

2.80* 

26.31 

2.00 cj 

lv.33* 

40.16* 

56.49* 

30.65 

4.10* 

19.16* 

23.26* 

29.08 

0.70* 

3 . 30 * 

4.00* 

41.69 

2.50* 

34#2*i 

C.D. at 5‘ 

1.46 

1.82 

2 .04 

• 

0.59 

1.86 

2.55 

- 

0.23 

0.63 

0.76 

- 

0.49 

- 

C.D. at 1 

' .05 

0.55 

2.87 

- 

0.84 

2.61 

3.60 

- 

0.33 

0.89 

1.06 

- 

0.68 

- 


Each reading is an average of 3 replicates. 

*• Significant at J level against uninoculated. 


-: u . ; ' ’ of macula ting sc edlings of cowpea gerraplasni, 11-163 (resistant to R. solanl) with 1.000 larva# of M. incognita and I i of R. solan?, cir.clv and cnrcrd 
tlcn, root-knot index and nematode population, 45 days after inoculation ""* ~ — - * 


Plant growth 



Length (cm) 



Fresh weight (g) 


Dry weight (g ) 

Module 
: ■ 

% reduction 
over 

uninoculated 

Root- 

pSI 

index 

% reductj 
over 
nematoc 
a lorn 

loot 

Shoot 

Total 

% reduction 
over 

uninoculated 

Root 

Shoot 

Total 

% reduction 
over 

uninoculated 

Root 

Shoot 

Total 

% reduction 
over 

uninoculated 

s ^ 

0 

.1 17.13 

- 

5.80 

45.33 

31.13 

- 

1.50 

6.20 

7,70 

- 

3.40 

- ‘ 

- 

■ 

i r . /> 

4 ' . 14 

j S' 7 .32 

7.94 

5 .00* 

4] .83 

46.83 

8.40 

1.10 

4.76* 

5.86* 

23.89 

2.96* 

12.94 

2.90 

- 

) 

, 6 

115. 66 

1.25 

o .50 

48.50 

54.00 

-5.61 

1.50 

6.23 

7.73 

-0.38 

3.33 

2.05 

- 

mm \ 

, ■ » * y (d 1 

J , 13 

6 J * *9 : 

45 .72 

2 .90* 

27.33* 

30.23* 

40.87 

0.50* 

3.03* 

** A-M* 

# %,# \J} 

54.15 

2.60 5,1 

23.52 

2.20* 

24.13 ; 

; * . JO * 

* > • 1 '0 * 

77 .96 s 

33 ,44 

2.80* 

32 ,33 < 

35.13* 

31.29 

0.80* 

4.60* 

5.40* 

29 .87 

2.86* 

15.88 

2.30* 

20.68 

! 7 . K: 

f , Vo 4 

87 . 16*' 

35.58 

3.73* 

38.50 

47.23 

17.40 

0.86* 

4.90 

5.76* 

25.19 

2.86* 

15.88 

2 . 10'* 

27.58 

S .96 

6 , 75 

6.97 

«• 

0.48 

6,12 

6.34 

- 

0.30 

0.70 

0.05 

- 

0.29 

mm 

0.31 

mm ' 

4 , 1 6 

9 . 48 

9.79 


0.68 

8.59 

8.90 

mm 

0.42 

0.99 

1.20 

- 

0 • 41 


0.43 

turn 


in ' i f , i average of three replicates 
■ •) * .. * Inyo] ^q-vLnst uninoculated. 


